The development of new methodology for the preparation of functional macrocycles with practical applications is a fundamental important research area in macromolecular science. In this study, we report a new one-pot route for the synthesis of a series of macro-heterocycles by incorporating two phosphorus atoms and two chalcogen atoms and two oxygen atoms (double OP(S)SCn or OP(Se)SeCn scaffolds). The three-component condensation reactions of 2,4-diferrocenyl-1,3,2,4-diathiadiphosphetane 2,4-disulfide (FcLR, a ferrocene analogue of Lawesson's reagent) or 2,4-bis(4-methoxyphenyl)-1,3,2,4-dithiadiphosphetane 2,4-disulfide (LR, Lawesson's reagent), or 2,4-diphenyl-1,3,2,4-diselenadiphosphetane 2,4-diselenide (WR, Woollins' reagent), disodium alkenyl-diols, and dihalogenated alkanes are performed giving rise to soluble and air or moisturestable macrocycloes in good to excellent yields (up to 92%). This is the first systemically preparative and readily scalable example of one-pot ring opening/ring extending reaction of three-components to prepare phosphorus-chalcogen containing macrocycles. We also provide a systematic crystallographic study.
Introduction
Macrocyclic compounds are attractive targets within areas including drug development, material science, and supramolecular chemistry by virtue of their widespread occurrence in nature and their intrinsic three-dimensional structure.
[1] The classic and privileged macrocyclic molecules such as crown ethers, cryptands, spherands, cyclodextrins, and calixarenes have provided, for instance, powerful model systems in the study of the nature of various noncovalent bond interactions, molecular recognition, and selfassembly. [2] Functional macrocycles act also as platforms for the fabrication of sophisticated molecular architectures, sensing systems, optoelectronic devices and advanced materials. [2, 3] In addition, tailor made macrocycles serve as molecular tools to enable the mechanistic study of organic reactions involving unstable species. [4] Furthermore, macrocycles containing a ring size of 12 atoms or more are capable of extremely potent biological activity and specificity. This can be clearly illustrated by the exquisite biological activity of many macrocyclic natural products that has been harnessed by medicinal chemists to provide chemotherapy for a broad range of conditions. Current studies involving macrocyclic structures account for over 100 approved drugs covering examples of antibiotic, immunosuppressant and anticancer chemitherapyeutics. [5] Nevertheless, the challenging problem of macrocyclization remains and provides impetus for the development of new technologies for the development of novel and functional macrocycles. [6] An important challenge in forming large ring molecules is the fact that it is often necessary to tailor reaction conditions to individual substrates, [7] which can render the generation of libraries impractical. In addition, the synthesis of the macrocycles containing bigger than ten-membered ring systems are very rarely explored. [8] Furthermore, the preparation of organo phosphorus-chalcogen heterocycles containing more than eight-membered rings with at least two chalcogen atoms are also limited. [9] The known methods to synthesize these heterocycles in general suffer from the use of highly toxic reagents with harsh reaction conditions, low yields or multi-step procedures. [10] The most well-known four-membered phosphorus-chalcogen rings are the Lawesson's (LR) and Woollins' reagent (WR), which have developed and exploited as a wide ranging applications in synthetic chemistry, for example, as efficient thionation and selenation reagents, respectively. [11, 12] In particular, WR has successfully been applied as an efficient building block to construct a series of up to fifteen-membered selenophosphorus macrocycles with the P-Se-Se-P linkage, [13] and unique octaselenocyclododecane with four carbon atoms and eight selenium atoms in this fourteenmembered macrocycle. [14] Encouraged by our recently reported method on formation of phosphorus-selenium macrocycles rings from Woollins' reagent and diol precursors, [15] we are interested in generating a library of diverse phosphorus-chalcogen macrocycles based on this strategy. We report herein a highly efficient one-pot approach to construct a library of organo phosphorus-chalcogen macrocycles consisting of at least two phosphorus atoms and two chalcogen atoms and two oxygen atoms P2-X2-O2 (X = S, Se) in the ring by applying four-membered ring WR or LR or a ferrocene analogue of Lawesson reagent, 2,4-diferrocenyl-1,3,2,4-diathiadiphosphetane 2,4-disulfide [FcP(μ-S)S]2, FcLR, as building block precursors. The new compounds were characterised spectroscopically and we also report nine single crystal X-ray structures.
Results and Discussion

Synthesis and Spectroscopic Characterization
Our group has reported an efficient route for the synthesis of phosphorus-selenium macrocycles including a series of unusual nine to fifteen-membered organoselenophosphorus macrocycles by means of WR reacting with disodium alkenyl-diols, followed by in-situ ring-closure reaction with appropriate dibromoalkanes. [15] We envisaged that this method has the potential to provide extremely efficient access to a range of macrocycles bearing double O-P(S)-S-Cn or O-P(Se)-Se-Cn scaffolds because the combinatorial variation of scaffold elements can lead to the generation of an unique scaffold from each macrocyclization process. Three reagents utilized to accomplish one-pot three-component reaction are: Lawesson's Reagent (LR), which is commercially available; a ferrocene analogue of Lawesson's Reagent, 2,4-diferrocenyl-1,3,2,4-diathiadiphosphetane 2,4-disulfide [FcP(μ-S)S]2 (FcLR), in which the preparation, spectroscopic characterisation and crystal structure of FcLR has been reported by our group; [16, 17] and Woollins' Reagent (WR). [18] First, reacting FcLR with an equimolar amount of disodium alkane-bis(olate)s, which were obtained from di-alcohols and NaH, delivered the disodium bis(phenylphosphonodiselenoate)s, the latter were in situ converted into the corresponding nine-to fifteen-membered phosphorus-sulfur heterocycles 1 -15 in moderate to excellent yields (43 to 92%) by further treatment with an equi-molar amount of various nucleophilic reagents, for instance, dibromides as depicted in Scheme 1 and Table 1 . The reactions were carried out in tetrahydrofuran, which was chosen as the solvent because it provided good solubility properties for both small ring opening and macrocyclization processes. It was also found to be necessary to heat the reactions to 50°C to achieve the reaction completeness rapidly and the reactions were carried out under N2 atmosphere for 7 h. In all the cases, insoluble (in water or normal organic solvent) side products which we were not able to identify were found resulting in the non-quantitative yields arising from the extensive formation of the possible linear polymers. The current reactions tolerate diverse di-alcohol substrates. Generally, the substituents on the di-alcohol chains have a large influence on the yield of the reaction, for example, with the increase of size of the branched substituent from hydrogen atom to n-butyl group, the product yield increased. The α,α'-dibromo-o-xyene was found to be preferable to achieve high yields in the current macrocyclization, compared to the α,α'-dibromo-m-xyene and α,α'-dibromo-p-xyene, for instance, the combination of propane-1,3-diol and α,α'-dibromo-o-xyene was found to give the product 5 with the highest yield. It is worth noting that in all cases two diastereomeric products were obtained with low diastereoselectivity on the basis of 31 P NMR spectral data. C NMR spectra of compounds 1 -15 display all the characteristic peaks of the ferrocene backbones (see Supporting Information). In their 31 P NMR spectra, sharp singlets attributable to phosphorus atoms of compounds 1 -15 appear in the range of δ = 92.4 to 100.1 ppm as shown in Table 1 .
Similarly, treating disodium 1,1,2,2-tetraphenylethane-1,2-di(olate) with FcLR and followed by α,α-dibromo-o-xylene in situ in THF at 50°C gave rise to the expected twelvemembered macrocycle 16. However, the macrocycle 16 was not stable in air atmosphere and seven-membered trithiophosphorus heterocycle 17 as yellow plate crystals was obtained by silica gel purification and crystallization. Stable seven-membered heterocycle 17 was obtained as the major product as illustrated in Scheme 2.
Scheme 2. Synthesis of phosphorus-sulfur macrocycle 16 and trithiophosphorus heterocycle 17
Interestingly and in a similar vein, a similar reaction with the highly branched disodium 2,2-dibutylpropane-1,3-bis(olate) and the highly branched α,α'-dibromo-o-xyene led to formation of nine-membered macrocycle 19 (90% isolated yield) as the major product rather than the expected elevenmembered macrocycles 18 as shown in Scheme 3. We speculate that 19 was preferentially formed by intramolecular cyclization/oxidation of intermediate I in the presence of an equivalent of 1,2-di bromo-1,2-diphenylethane.The 31 P NMR spectrum of 19 exhibits a slightly broad singlet at δP = 92.6 ppm. Detailed NMR spectroscopic analysis reveals the relatively small coupling constant ( 3 J(P,P) = 3.8 Hz) between two four-coordinate phosphorus centers, supporting the presence of the P-S-S-P group and being consistent with the analogous P-S-S-P system in the literature (cf. 3 J(P,P) = 4 Hz). [19] High efficiency for the synthesis of macrocycles 20 -29 was remarkable when Lawesson's reagent reacted with bis-alcohols and bis-bromides under identical conditions to give a series of new macrocycles 20 -29 as depicted in Scheme 4 and Table 2 . It was found to be necessary to heat the reactions to 50ºC to achieve complete macrocyclization, and the reactions were carried out under N2 atmosphere for 7 h. The products were obtained in good yields after flash chromatography. The highest yield was isolated when but-2-yne-1,4-diol was used indicating less conformational strain in macrocycle 29 compared to others. For eight examples 20, 23 -29, diastereisomers of the macrocyclic product were isolated, corresponding to two stereogenic P centers in the macrocycles; interestingly, for other two examples 21 and 22, three diastereisomers were isolated. We assume that two diastereisomers were obtained from two stereogenic P centers present in the macrocycles, and the additional isomer was most likely result of one isomerization process involving two oxygen atoms and two sulfur atoms within the macrocyclic ring as shown in Figure 1 . All of new compounds were characterized by standard analytical and spectroscopic techniques. The 31 P NMR spectra of 20 -29 exhibit sharp singlets in the range of δ = 88.2 to 98.1 ppm.
Scheme 4. Synthesis of oxygen-phosphorus-sulfur macroheterocycles 20 -29 ( and groups defined in Table 2 ) Now, we turn our attention to macrocycles containing multiple phosphorus, selenium and oxygen atoms. Rupture of the four-membered ring P2Se2 in Woollins' reagent by an equimolar amount of disodium 1,2-diphenylethane-1,2-bis(olate) derived from 1,2-diphenylethane-1,2-diol and NaH led to disodium O,O'-(1,2-diphenylethane-1,2-diyl) bis(phenylphosphonodiselenoate), which was treated with an equivalent amount of α,α'-dibromoxyenes or dibromopropane at ambient temperature for 6 h resulting in the corresponding twelve-to fifteen-membered phosphorus-selenium macrocycles 30 -33 in 49 -88% isolated yields (Scheme 5). The macrocycles 30 -33 are soluble in common polar organic solvents and are stable to air and moisture at ambient temperature for several months without any sign of the decomposition. All of new compounds were characterized by standard analytical and spectroscopic techniques. The 31 P NMR spectra of 30 -33 exhibit sharp singlets in the range of δ = 67.3 to 79.9 ppm, which are accompanied by two sets of satellites for the endocyclic and exocyclic selenium atoms ( Woollins' reagent also reacted with an equimolar amount of disodium 1,2-diphenylethane-1,2-bis(olate) (which was derived from 1,2-diphenylethane-1,2-diol and NaH) leading to disodium O,O'-(1,2-diphenylethane-1,2-diyl) bis(phenylphosphonodiselenoate), the latter was treated with an equivalent amount of α,α'-dibromoxyenes at ambient temperature for 6 h resulting in the corresponding phosphorus-selenium macrocycles 34 -36. Unfortunately, these three macrocycles were not stable and eventually decomposed into a five-membered phosphorus-oxygen 38 in 75 -80% isolated yield, respectively, however, for 34, an additional sevenmembered phosphorus-selenium heterocycle 37 was obtained in 69% isolated yield (Scheme 6). The synthesis and characterization of compounds 37 and 38 have been reported elsewhere. [20, 21] Similar to the reaction of FcLR with disodium 2,2-dibutylpropane-1,3-bis(olate) and α,α'-dibromo-o-xyene, Woollins' reagent reacted with disodium 2,2-dibutylpropane-1,3-bis(olate) and α,α'-dibromo-o-xyene under identical conditions gave selenium analogue ninemembered 40 incorporating with a P-Se-Se-P linkage in 77% isolated yield rather than the expected elevenmembered macrocycle 39 as illustrated in Scheme 7. The singlet at 67.3 ppm flanked by two sets of 77 Se satellites was observed in the 31 P NMR spectrum of 40. The coupling constants were revealed to be 1 J(P,Se) = 465 Hz, and 2 J(P,Se) = 21.5 Hz based on simulation as an AAˊX system (where X represents 77 Se and AAˊ are the magnetically in-equivalent phosphorus atoms in the isotopomer that gives rise to the satellite resonances), confirming the solution NMR spectra of 40 are consistent with the formation of a P-Se-Se-P linkage with chemically equivalent, but magnetically inequivalent phosphorus environments. The 77 Se NMR spectrum is comprised of two doublets centred at 439.5 and -57.5 ppm with 1 J(P,Se) = 465 Hz and 1 J(P,Se) = 812 Hz coupling constants. The detailed NMR spectroscopic analysis showing the relatively small coupling constant between phosphorus atoms ( 3 J(P,P) = 3.7 Hz) further confirms the presence of the P-Se-Se-P group. [13] In contrast to the 77 Se satellites (natural abundance of 7.63%), the 13 C satellites in the 31 P NMR spectra can not be observed due to its very weak natural abundance (1.1%). Tables  S1 and S2 (see Supporting Information). All structures have a single molecule of the compound in the asymmetric unit, the exception being compound 4 in which was found to be cocrystallized with one molecule of acetone. The X-ray structures confirm that the twelve-to fifteen-membered rings have formed. In the solid state, 3 -5 ( Figures 2 -4 ) adopt the highly ridged fourteen-membered ring conformations with two outside ferrocenyl rings pointing towards the top and bottom of the cavity and being located above the plane defined by the two phosphorus and two oxygen atoms, meanwhile two exocyclic sulfur atoms binding two phosphorus centres are crumpled in a cis-position relative to each other. In addition, all inward hetero-atoms (S, P, O) are in zigzag position, suggesting high strain exist in these fourteen-membered macrocyclic rings. The angles between the mean plane of two phosphorus atoms and two oxygen atoms, and the phenyl ring are 43.3° in 3, 20.1° in 4 and 26.1° in 5. The P···P distances of 6.40 Å, 6.34 Å and 6.10 Å in 3 -5, respectively, falling in the ranges that has been observed in the P-Se containing macrocycles (4.97-6.97 Å). [15] The geometry around P(1) and P(2) is distorted tetrahedral S(3)-P(1)-S(1) and S(4)-P(2)-S(2): 114.38(15)° and 107.92(14)° in 3, 105.94(10)° and 105.47(12)° in 4, and 107.67(12)° and 107.70(12)° in 5, being quite similar to those P-Se containing macrocycles. [15] Within 3 -5, the P-S single bond lengths are in the range of 2.087(3) to 2.097(4) Å and P=S double bonds in the range of 1.929(3) to 1.936(3) Å and are typical for the P(=S)S moiety. [20, 21] The structures of 10 and 11 as depicted in Figures 5 and 6 consist of similar frameworks. The thirteen-and fourteenmembered rings are also highly creased with two outside ferrocenyl rings lying in the same direction of the cavity and being above the plane defined by the two phosphorus and two oxygen atoms, meanwhile two exocyclic sulfur atoms which are directly attached to phosphorus centres are crinkled in a trans-orientation. All inward hetero-atoms (S, P, O) are in zigzag conformation, and two exocyclic phenyl rings lie in vertical orientation relative to the inward phenyl ring with slightly different angles (51.24° and 63.60° in 10, 61.22° and 67.06° in 11). Furthermore, the dihedral angles for two exocyclic phenyl rings are quite similar (52.79° in 10 and 52.65° in 11). We think two exocyclic phenyl rings which were hanging on the cavity in the structures of 10 and 11 may cause the difference from the above structures of 3 -5. The P···P distances of 5.55 Å and 5.21 Å in 10 and 11 are found to be significantly shorter than that in 3 -5, suggesting a steric effect in these systems. The geometry around P(1) and P(2) is considerably closer to tetrahedral [(S(3)-P(1)-S(1) and S(4)-P(2)-S(2): 117.66(9)° and 107.45(9)° for 10, and 113.48(8)° and 115.62(9)° for 11]. In 10 and 11, the P-S single bond lengths [2.077 (2) (Figures 7 and 8) , the frameworks are highly ridged thirteen-or sixteen-membered macrocycles with two aryl rings on phosphorus atoms and two exocyclic sulfur atoms pointing on opposite sides of the newly formed rings, suggesting that the two n Bu moieties present in 26 affect a lot for its conformation due to the steric effect. The structure of 26 is symmetric with the dihedral angle between the exocyclic aryl ring and the inserted aryl ring being 47.53°. However, the structure of 29 is asymmetric with the dihedral angles of two aryl rings and the inserted phenyl ring being 8.80° and 32.01°. The difference can also be found in the transannular Sexo···Sexo lengths (8.83 Å in 26 and 10.97 Å in 29) and the interactional P···P bond distances (4.79 Å and 6.13 Å in compounds 5 and 9), it is worth noting that these values are significantly bigger than that in 3 -5, 10 and 11. The geometry around P(1) and P (2) In contrast to 26, the thirteen-membered macrocyclic structure of 30 (Figure 9 ) is asymmetric and highly creased with two phenyl rings attached to phosphorus atoms and two exocyclic selenium atoms lying on the same sides of the newly formed rings, and two n Bu moieties orientates toward the top and bottom of the newly formed macrocyclic ring. All inward hetero-atoms (Se, P, O) are in zigzag position. Two exocyclic phenyl rings are almost perpendicular relative to the inward phenyl ring with dihedral angles 75.15° and 89.15°. The transannular Seexo···Seexo length (8.15 Å) and the i P···P distance (6.31 Å) are in the range of similar strutures 15 and significantly longer than those observed in the fourmembered P2Se2 ring system (3.1 Å) and six-membered P2Se4 ring system (4.3 Å). 24 The P-Se single bonds [2.237(3) Å and 2.248(3) Å] and P=Se double bonds [2.085(3) Å and 2.083(3) Å] are similar to that in the similar heterocyclic structures incorporating with the P-Se-Se-P linkage. [13, 15, 25] The geometry around P(1) and P (2) The structure of 40 reveals a difference motif to the above structures ( Figure 10 ) with Se-Se bridge linker rather than SeCn-Se bridge linker in the newly formed ring. The ninemembered framework is highly puckered with the two phenyl rings attached to phosphorus atoms and two exocyclic sulfur atoms and two n Bu moieties being on opposite sides of the newly formed heterocycle. The dihedral angle for the two exocyclic phenyl rings is 23.99°. The Se-Se bond distance [(2.349(3) Å] is slightly longer than that in similar acyclic structures with the P-Se-Se-P linkage. [13, 24] The P-Se single bonds 
Scheme 5. Synthesis of heterocycles 30 -33
Conclusions
A series of nine-to sixteen-membered macrocycles has been prepared by using an one-pot three-component condensation reactions of 2,4-diferrocenyl-1,3,2,4-diathiadiphosphetane 2,4-disulfide (FcLR, a ferrocene analogue of Lawesson's reagent) or 2,4-bis(4-methoxyphenyl)-1,3,2,4-dithiadiphosphetane 2,4-disulfide (LR, Lawesson's reagent), or 2,4-diphenyl-1,3,2,4-diselenadiphosphetane 2,4-diselenide (WR, Woollins' reagent), disodium alkenyl-diols, and dibromoalkanes. It was anticipated that this route would be a convenient pathway to synthesize novel macrocyclic compounds. The demonstrated versatility of synthesis and Xray structures provides a general and systematic approach to prepare such large phosphorus-selenium heterocycles. This is the first systemically preparative and readily scalable example of one-pot ring opening/ring extending reaction of three-component to prepare phosphorus-chalcogen containing macrocycles. This method allows P-S or P-Se macrocycles to be easily available for further investigations into their chemistry and biological properties.
Experimental Section
Unless otherwise stated, all reactions were carried out under on oxygen free nitrogen atmosphere using pre-dried solvents and standard Schlenk techniques, subsequent chromatographic and work up procedures were performed in air.
1 H (400.1 MHz), 13 C (100.6 MHz), on a Perkin-Elmer 2000 FTIR/Raman spectrometer. Mass spectrometry was performed by the EPSRC National Mass Spectrometry Service Centre, Swansea. X-ray crystal data for compounds compounds 3, 4, 5, 10, 11, 26, 29, 30 and 40 were collected using Rigaku SCXMini Mercury CCD system. Intensity data were collected using ω steps accumulating area detector images spanning at least a hemisphere of reciprocal space. All data were corrected for Lorentz polarization effects. Absorption effects were corrected on the basis of multiple equivalent reflections or by semi-empirical methods. Structures were solved by direct methods and refined by fullmatrix least-squares against F 2 by using the program SHELXTL. 26 Hydrogen atoms were assigned riding isotropic displacement parameters and constrained to idealized geometries. These data can be obtained free of charge via www.ccdc.cam.ac.uk/conts/retrieving.html or from the Cambridge Crystallographic Data centre, 12 Union Road, Cambridge CB2 1EZ, UK; fax (+44) 1223-336-033; e-mail: deposit@ccdc.cam.ac.uk. CCDC 1439927-1439935.
General procedure for synthesis of heterocycles 1 -11. A suspension of anhydrous diol (1.0 mmol) and sodium hydride (0.100 g, 60%, 2.5 mmol) in dry THF (60 mL) was heated at 50°C for 1 h leading to a white suspension. Upon cooling to ambient temperature the suspension was added FcLR (0.56 g, 1.0 mmol) and the mixture was allowed to stir at room temperature for 2 h. Then, the appropriate dibromide (1.0 mmol) was added to the mixture and the suspension was continued heating at 50°C for another 6 h giving a yellowish white suspension. Upon filtering to remove unreacted solid the filtrate was dried in vacuo and the residue was dissolved in dichloromethane (10 mL), after removing the salt by filtration the liquid solution was concentrated to ca. 2.0 mL and was loaded onto a silica gel column (50%/50% dichloromethane/hexane to 100% dichloromethane as eluent) to give the macrocycles 1 -15. Diferrocenyl-5,8-dioxa-3,10-dithia-4,9-diphospha-1(1,4)-benzenacycloundecaphane 4,9-disulfide (3) . Orange solid (0.387 g, 54%). Two diastereoisomers were found in ca. Diferrocenyl-5,9-dioxa-3,11-dithia-4,10-diphospha-1(1,3) Diferrocenyl-5,10-dioxa-3,12-dithia-4,11-diphospha-1(1,4) 3,8-Dimethyl-5,6-diphenyl-1,5,6,10-tetrahydrobenzo[e][1,10]dioxa[3,8]dithia[2,9]diphosphac  yclododecine 3,8-disulfide (10). Orange solid (0.596 g, 68%) . Two diastereoisomers were found in ca. 4 : 5 intensity ratio. Diferrocenyl-6,7-diphenyl-5,8-dioxa-3,10-dithia-4,9-diphospha-1(1,3) -benzenacycloundecaphane 4,9-disulfide (11). Pale yellow solid (0.481 g, 55%). Two diastereoisomers were found in ca. 3 : 2 intensity ratio. Selected IR (KBr, cm n Bu)2CH2OH (0.188 g, 1.0 mmol) and NaH (0.10 g, 60%, 2.5 mmol) in THF (60 mL) was heated at 50 °C for 2 h. After cooling to room temperature, FcLR (0.56 g, 1.0 mmol) was added; the mixture was stirred at room temperature for 1 h. Then, 1,2-xylylenedibromide (0.264 g, 1.0 mmol) was added to the above mixture, the mixture was heated again at 50 °C for another 6 h. Upon filtering to remove unreacted solid the filtrate was dried in vacuo and the residue was dissolved in dichloromethane (10 mL), after removing the salt by filtration the liquid solution was concentrated to ca. 2.0 mL and was loaded onto a silica gel column (50%/50% dichloromethane/hexane as eluent) to give the titled compound 12 as yellow solid (0.465 g, 55%). Two diastereoisomers were found in ca. 1 : 1 intensity ratio. Dibutyl-4,10-diferrocenyl-5,9-dioxa-3,11-dithia-4,10-diphospha-1(1,3) -benzenacyclododecaphane 4,10-disulfide (13). A white suspension of HOCH2C( n Bu)2CH2OH (0.188 g, 1.0 mmol) and NaH (0.10 g, 60%, 2.5 mmol) in THF (60 mL) was heated at 50 °C for 2 h. After cooling to room temperature, FcLR (0.56 g, 1.0 mmol) was added; the mixture was stirred at room temperature for 1 h. Then, 1,3-xylylenedibromide (0.264 g, 1.0 mmol) was added to the above mixture, the mixture was heated again at 50 °C for another 6 h. Upon filtering to remove unreacted solid the filtrate was dried in vacuo and the residue was dissolved in dichloromethane (10 mL), after removing the salt by filtration the liquid solution was concentrated to ca. 2.0 mL and was loaded onto a silica gel column (50%/50% dichloromethane/hexane as eluent) to give the titled compound 13 as yellow solid (0.605 g, 71%). Two diastereoisomers were found in ca. 1 : 2 intensity ratio. Dibutyl-4,10-diferrocenyl-5,9-dioxa-3,11-dithia-4,10-diphospha-1(1,4) -benzenacyclododecaphane 4,10-disulfide (14) . A white suspension of HOCH2C( n Bu)2CH2OH (0.188 g, 1.0 mmol) and NaH (0.10 g, 60%, 2.5 mmol) in THF (60 mL) was heated at 50 °C for 2 h. After cooling to room temperature, FcLR (0.56 g, 1.0 mmol) was added; the mixture was stirred at room temperature for 1 h. Then, 1,4-xylylenedibromide (0.264 g, 1.0 mmol) was added to the above mixture, the mixture was heated again at 50 °C for another 6 h. Upon filtering to remove unreacted solid the filtrate was dried in vacuo and the residue was dissolved in dichloromethane (10 mL), after removing the salt by filtration the liquid solution was concentrated to ca. 2.0 mL and was loaded onto a silica gel column (50%/50% dichloromethane/hexane as eluent) to give the titled compound 14 as yellow powder (0.784 g, 92%). Two diastereoisomers were found in ca. A white suspension of HOCH2C≡CCH2OH (0.086 g, 1.0 mmol)and NaH (0.10 g, 60%, 2.5 mmol) in THF (60 mL) was heated at 50 °C for 2 h. After cooling to room temperature, FcLR (0.56 g, 1.0 mmol) was added; the mixture was stirred at room temperature for 1 h. Then, 1,4-xylylenedibromide (0.264 g, 1.0 mmol) was added to the above mixture, the mixture was heated again at 50 °C for another 6 h. Upon filtering to remove unreacted solid the filtrate was dried in vacuo and the residue was dissolved in dichloromethane (10 mL), after removing the salt by filtration the liquid solution was concentrated to ca. 2.0 mL and was loaded onto a silica gel column (dichloromethane as eluent) to give the titled compound 15 as golden foam (0.375 g, 52%). Two diastereoisomers were found in ca. 1 : 1 intensity ratio. Selected IR (KBr, cm 
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Synthesis of heterocycles 16 and 17.
A suspension of benzopinacole (0.366 g, 1.0 mmol) and sodium hydride (0.100 g, 60%, 2.5 mmol) in dry THF (60 mL) was heated at 50°C for 1 h leading to a white suspension. Upon cooling to ambient temperature the suspension was added FcLR (0.56 g, 1.0 mmol) and the mixture was allowed to stir at room temperature for 2 h. Then, 1,2-xylylenedibromide (0.264 g, 1.0 mmol) was added to the mixture and the suspension was continued heating at 50°C for another 6 h giving a yellowish suspension. Upon filtering to remove unreacted solid the filtrate was dried in vacuo and the residue was dissolved in dichloromethane (10 mL), after removing the salt by filtration the liquid solution was concentrated to ca. 2.0 mL and was loaded onto a silica gel column (dichloromethane as eluent) to give the titled compound 16. Crystallisation from slow evaporation of acetone solution of 16 in air at room temperature gave the crystals of 17. (19) . A white suspension of HOCH2C( n Bu)2CH2OH (0.329 g, 1.75 mmol) and NaH (0.16 g, 60%, 4.0 mmol) in THF (60 mL) was heated at 50 °C for 2 h. After cooling to room temperature, FcLR (0.98 g, 1.75 mmol) was added; the mixture was stirred at room temperature for 1 h. Then, meso-1,2-dibromide-1,2-phenylethane (0.595 g, 1.75 mmol) was added to the above mixture, the mixture was heated again at 50 °C for another 6 h. Upon filtering to remove unreacted solid the filtrate was dried in vacuo and the residue was dissolved in dichloromethane (10 mL), after removing the salt by filtration the liquid solution was concentrated to ca. 2.0 mL and was loaded onto a silica gel column (50%/50% dichloromethane/hexane as eluent) to give the titled compound 19 as a dark yellow solid (0.672 g, 90%). M. 
General procedure for synthesis of heterocycles 20 -25.
A suspension of anhydrous diol (1.0 mmol) and sodium hydride (0.100 g, 60%, 2.5 mmol) in dry THF (60 mL) was heated at 50°C for 1 h leading to a white suspension. Upon cooling to ambient temperature the suspension was added LR (0.404 g, 1.0 mmol) and the mixture was allowed to stir at room temperature for 2 h. Then, the appropriate dibromide (1.0 mmol) was added to the mixture and the suspension was continued heating at 50°C for another 6 h giving a yellowish white suspension. Upon filtering to remove unreacted solid the filtrate was dried in vacuo and the residue was dissolved in dichloromethane (10 mL), after removing the salt by filtration the liquid solution was concentrated to ca. 2.0 mL and was loaded onto a silica gel column (50%/50% dichloromethane/hexane to 100% dichloromethane as eluent) to give the macrocycles 20 -25. (4-methoxyphenyl)-1,8-dioxa-3,6-dithia-2 Bis(4-methoxyphenyl)-5,9-dioxa-3,11-dithia-4,10-diphospha-1(1,3) -benzenacyclododecaphane 4,10-disulfide (25) . Golden foam (0.380 g, 65%) . Two diastereoisomers were found in ca. 1 : 1 intensity ratio. Selected IR (KBr, cm (26) . A white suspension of HOCH2C( n Bu)2CH2OH (0.329 g, 1.75 mmol) and NaH (0.16 g, 60%, 4.0 mmol) in THF (60 mL) was heated at 50 °C for 2 h. After cooling to room temperature, LR (0.707 g, 1.75 mmol) was added; the mixture was stirred at room temperature for 1 h. Then, 1,2-xylylene dibromide (0.462 g, 1.75 mmol) was added to the above mixture, the mixture was heated again at 50 °C for another 6 h. Upon filtering to remove unreacted solid the filtrate was dried in vacuo and the residue was dissolved in dichloromethane (10 mL), after removing the salt by filtration the liquid solution was concentrated to ca. 2.0 mL and was loaded onto a silica gel column (50%/50% dichloromethane/hexane as eluent) to give the titled compound 26 as a white solid (0.430 g, 62%). Two diastereoisomers were found in ca. n Bu)2CH2OH (0.329 g, 1.75 mmol) and NaH (0.16 g, 60%, 4.0 mmol) in THF (60 mL) was heated at 50 °C for 2 h. After cooling to room temperature, LR (0.707 g, 1.75 mmol) was added; the mixture was stirred at room temperature for 1 h. Then, 1,3-xylylene dibromide (0.462 g, 1.75 mmol) was added to the above mixture, the mixture was heated again at 50 °C for another 6 h. Upon filtering to remove unreacted solid the filtrate was dried in vacuo and the residue was dissolved in dichloromethane (10 mL), after removing the salt by filtration the liquid solution was concentrated to ca. 2.0 mL and was loaded onto a silica gel column (50%/50% dichloromethane/hexane as eluent) to give the titled compound 27 as a colorless paste (0.514 g, 74%).
2,7-Bis
4,10-
